Abstract-This
I. INTRODUCTION
Different concentration of ethanol/water mixture solutions are normally prepared in laboratory by diluting a high concentration of ethanol with distilled water. Sometimes, these solutions are prepared in bulk quantity and stored for a long period of time. Due to evaporation and hygroscopic properties of ethanol, the percentage concentration of ethanol tend to decrease over time [1, 2] , especially when the solutions are not kept or handled properly. In addition, human error might also contribute to decreasing the percentage concentration of ethanol in the solutions by intentional or unintentional mixing with water or other substance. Even though in most cases one can assume the concentration of the ethanol in a container is always the same as what is indicated on the label, but, when the solutions are kept for a long period of time, the concentration of the ethanol could change.
Determining ethanol concentration can be achieved by measuring the specific gravity of ethanol/water mixture solutions which is directly influenced by the concentration of ethanol in the mixture. Hydrometer is the most commonly used instrument in hydrometer analysis since it is cheap and applicable to various liquid substances [3] . A study in [4] found that corrected hydrometer measurements is slightly more accurate than gas chromatography spectrophotometer (GCMS) to determine true ethanol concentration. However, hydrometer has several disadvantages. For instance, glass hydrometer is fragile [5] , sensitive to temperature, prone to reading errors [3] and requires large volume of sample [6] . GCMS method is susceptible to evaporation of ethanol during testing which lead to its inaccuracy. An electronic density meter such as the one sold by Rudolf Research Analytical is more accurate than hydrometer, but is significantly costlier than hydrometer.
Several past studies showed that the permittivity of ethanol is dependent on its concentration [7] [8] [9] . Therefore, it is possible to determine the 'true' concentration of ethanol based on its permittivity values, as opposed to its specific gravity. The advantages of this method are it does not require intricate sample preparation and large amount of sample. Even though the vector network analyzer (VNA) and dielectric probe used in this study are expensive, a miniature version of VNA can be had at a significantly much cheaper price. In addition, some researches opted to design and fabricate their own microwave measurement system to reduce cost as demonstrated in [10, 11] . This study, however, only focus on the accuracy of microwave method of determining ethanol concentration based on its measured permittivity values.
Determination of ethanol concentration of ethanol/water mixture solutions with open ended coaxial method II. METHODOLOGY
A. Modified Cole-Cole-Debye (3CC) model
The 3CC model is given as [5] :
where ' is permittivity, f is frequency, Δε i is the permittivity at step i, τ i is the relaxation time at step i and β is the intermediate number.
The values for these parameters are given in [7] for pecific molar fraction of ethanol. Details on the development and validation of (1) is discussed in great detail in [7] and will not be covered in this paper. Model (1) was used to validate open ended coaxial dielectric constant measurements and develop a calibration equation relating the concentration of ethanol and dielectric constant.
B. Ethanol sample preparation
Six ethanol/water solution samples with percentage molar fraction of ethanol X EA = 0%, 8%, 18%, 30%, 50% and 70% were prepared by diluting 99.9% ( 100%) purity ethanol (R&M Chemicals) with distilled water. The molar fraction can be expressed as follows: Another three samples from 'labeled' container were obtained for testing. The first sample was taken from a 70% ethanol solution prepared in the laboratory by a personnel for teaching purpose as shown in Fig. 1 . The 'true' ethanol concentration of the sample was suspected since it could not be determined exactly how long the solutions were being kept in the laboratory. The second sample was obtained from a glass container labeled with 96% ethanol concentration which was also being kept in the laboratory for an undetermined period of time. The third sample, as a control sample, was obtained from a newly opened glass bottle also labeled with 96% ethanol concentration as shown In Fig. 1 .
C. Experimental setup
The HP85070B open ended coaxial probe is a wideband dielectric probe used in past studies to determine dielectric properties of solids and liquids such as fiber nanocomposite [12] [13] [14] , latex [15, 16] , watermelon [17] , chestnut flour [18] , maize [19] , and oil palm fruits [20] , among others. Fig. 2 shows the experimental setup consist of the Hawlett Packard 8720B Professional VNA, the Agilent 85070B probe sensor, a beaker as the sample holder, a 50 low loss cable and a computer to acquire and collect data from the probe sensor. The operating frequency of the VNA was set from 0.2 GHz to 20.0 GHz. All measurements were obtained at ambient temperature (~25ºC). Figure 3 shows the variations of dielectric constants ' of ethanol/water mixture samples with different X EA obtained from simulation of model (3) and HP85070B measurements between 0.2 GHz and 20.0 GHz. In general, simulated ' values are found to be consistent with measured values although significant disagreements are noted for X EA = 8% sample between 12.0 GHz and 20.0 GHz, and for X EA = 30% sample between 0.5 GHz and 10.0 GHz. On the other hand, excellent agreement are found for all samples between 0.2 GHz and 0.5 GHz. The best agreement, however, is found at 0.2 GHz. The noted inconsistencies between both results might be due to the Levenberg-Marquardt fitting model employed in HP85070B to account for the effect of multiple relaxation times [21] as well as the complexity arises from fringing field capacitance of the probe [22] . It is also worth noting that model (1) was developed based on time domain reflectometry (TDR) measurement [7] as opposed to HP85070B frequency domain reflectometry (FDR) techniques used in this study to measure the permittivity of the ethanol samples which could explain the inconsistencies between both results. Model (3) was developed by simulating (1) and finding the best fit using statistical tool such as MATLAB. Fig. 4 and 5 show the variations of simulated X EA against ' at 0.2 GHz and A 5th absolute errors between estimated and measured X EA , respectively. The errors are found to be within X EA 1.00% with mean X EA 0.42%. As a comparison, [4] reported that the accuracy of a hydrometer for 4% X EA 6% measurement, after correction, to be, on average, X EA = 0.05%, and that of GCMS to be X EA = 0.23%. Another study in [23] reported that the accuracy of corrected hydrometer to be, on average, slightly higher than in [4] , which is X EA = 0.13%, for ethanol measurement between 10% < X EA < 20%. Therefore, this procedure is certainly less accurate than hydrometer and GCMS procedures. Again, this could be due to the effects of multiple relaxation times and fringing field capacitance as mentioned earlier which are not accounted in model (3) . Nonetheless, this model is used to estimate the 'true' concentration of 'labelled' ethanol which is discussed in the proceeding section.
III. RESULTS AND DISCUSSION

A. Simulation of 3CC model
B. Calibration equation
C. Assessment of 'labeled' ethanol samples
The comparison between measured ', 'labeled' X EA and calculated X EA all three 'labeled' samples are given in Table 1 . The result reveals that the calculated ethanol concentration of the first sample is X EA = 25.34 which is far below its 'labeled' X EA = 70%. This result suggests that the 70% ethanol solution was spoiled. The laboratory personnel was advised to discard the solution and prepare a new 70% ethanol solution for students' teaching. Similarly, the calculated ethanol concentration of the second sample X EA = 85.15%, which is also significantly well below its 'labeled' X EA = 96%. The laboratory personnel was informed of the result and advised to either discard the solution or change the label to indicate the estimated X EA = 85.15%. On the other hand, the X EA of the control sample is slightly higher than what is indicated on the label, X EA = 96%. However, the error between estimated and label X EA is certainly greater than 1.00%. Therefore, more samples are needed to validate the polynomial model (3) and to improve its accuracy to estimate the 'true' ethanol concentration of ethanol/water solutions. 
IV. CONCLUSION
This study successfully demonstrated the use of open ended coaxial probe to estimate ethanol concentration of ethanol/ water solutions. This procedure does not require intricate sample preparation and large amount of sample. Ethanol concentration was estimated based on 5th degree polynomial model developed from 3CC ethanol/water permittivity model. The model is slightly less accurate than corrected hydrometer and GCMS. The errors in the measurement might be due to multiple relaxation times and fringing field capacitance associated with the estimation of permittivity values based on reflection coefficient measurements. The model developed in this study only describe the relationship between dielectric constant and ethanol concentration. The effects of multiple relaxation times, fringing field capacitance and temperature are not accounted in the proposed model.
For future works, it is recommended to develop a cost effective sensor system to estimate the concentration of ethanol based on reflection coefficient measurements. A simple microwave sensor can be fabricated with transmission lines and power detectors. Alternatively, a direct current (DC) sensor to determine the concentration of ethanol is also possible and potentially much cheaper to fabricate than a microwave sensor. Other recommendations include developing a mathematical model to estimate the concentration of other mixture solutions such as methanol/ethanol/water and alcohol fuel based on permittivity values or reflection coefficient.
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